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Diamond is known as a band insulator with a wide band gap of 5.5 eV.
However, by introducing impurities such as boron into the substitutional sites, semiconducting diamond can be obtained. Recently, Ekimov et al. have investigated that heavily boron-doped (4.9 x 10 21 cm -3 , 2.8 at%) diamond synthesized by high-pressure and high-temperature (HTHP) method exhibits type II superconductivity at 2.3 K (zero resistance) 1 . For superconductivity, they use the metallic transport property of the impurity band, which is commonly observed in diamond with boron doping levels of more than 10 20 cm -3 .
The deposition of heavily boron-doped diamond films by means of chemical vapor deposition (CVD) is a useful technique for improving the quality of diamond films and controlling the density of boron. Moreover, the low-temperature deposition of CVD diamond makes it possible to fabricate superconducting devices easily. We have successfully introduced high boron concentrations and a carrier density of 9.4 x 10 20 cm -3 on polycrystalline diamond films by controlling the growth orientation to (111), and have realized Tc of 4.2 K 2 . This value is higher than the Tc of 2.1 K for heavily boron-doped (1.9 x 10 21 cm -3 ) diamond deposited on (100) single-crystalline diamond 3 .
Due to the advantages of a very high Debye temperature (1860 K), some theoretical studies on the potential of a higher superconductivity transition temperature Tc have
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been carried out [4] [5] [6] [7] . In this study, we have successfully introduced high boron concentrations more than 5 x 10 21 cm -3 into (111) and (100) single-crystalline diamonds using CVD, and have achieved a high Tc of 7.4 K. The advantages of the superconductivity transition temperature of (111) d ia mo nd will be also discussed.
Homoepitaxial growth is carried out on the HPHT synthetic type Ib (111) and (100) diamonds. The deposition conditions were 50 Torr chamber pressure and 800-900°C substrate temperature with diluted gas mixtures of methane and trimethylboron (TMB) in hydrogen. The methane concentration is 3% in hydrogen with a B/C ratio of 2000 -12000 ppm. Films of 1 -4 μ m thickness were used for the following measurements.
To characterize the heavily boron-doped diamond films, we employed Raman spectroscopy (Renishaw inVia Reflex system, 632.8 nm), Hall effect measurement, X-ray diffraction (XRD:  -2 measurement, secondary ion mass spectroscopy (SIMS), transport and the measurement of magnetization properties using a superconducting quantum interference device (SQUID) magnetometer.
Crystal growth orientation is observed by means of the  -2 measurement of XRD. The (111) a nd (100) growths are observed on (111) a nd (100) deposited diamonds, respectively. The Raman shifts of the heavily boron-doped homoepitaxially grown 10 . They also point out that this band shifts to lower wavenumbers according to the density of the boron pairs in diamond. In our case, the band center of LVM from the boron pairs on (111) d ia mo nd s hifts to be lower wa ve numbers than that of (100) diamond, which suggests that a more dense boron pairs exists in the (111) of diamond with high concentrations of the boron source using TMB, the growth species might contain many B-C composites. For the growth of (100) diamond, the B-C species is deposited to produce the surface dimer rows and to expand the terrace as step growth 16 . This growth mode forms B-B pairs with equal probability along every <111> directions and expands the lattice homogeneously. This expansion requires a high total potential energy. On the other hand, for the growth of (111) directions occur due to the anisotropic formation of B-B pairs. The total potential energy of (111) diamond with this kind of anisotropic strain might be lower than that of (100) diamond with homogeneous strain. In fact, (111) d ia mo nd is mo re stab le with a high de ns ity o f B-B pa irs. Cons eq ue ntly, a highe r dens ity o f B-B pa irs ca n be fo r med co mpared with (100) diamond films with equivalent boron concentrations. Detailed
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experiments to determine the lattice expansion and density of states at the valence band are required to explain the large advantage of Tc of heavily boron-doped (111) diamond.
Recently, Tc of heavily boron-doped diamond has been estimated using a
McMillan's equation 18 with calculated electron-phonon coupling coefficient  Raman shift of heavily boron-doped (111 ) a nd (100) diamond measured by microlaser Raman spectroscopy (632.8 nm). The 500 cm -1 band on (111) diamond shifts to be lower wavenumbers than that of (100) diamond, which suggests that a more dense boron pairs exists in the (111 ) d ia mo nd film e ve n at the eq uiva le nt bo ro n co nce ntra tio ns Experimental results of T c(onset) and T c(offset) for polycrystalline, homoepitaxial (100) and (111) diamond films as a function of boron concentration. Tc values of (111) diamond films are more than twice as high as those of (100) films at the equivalent boron concentration. 
